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The  purpose  of  this  report  is  twofold:  On  the  one  hand.,  it  is  intended  to 
indicate  the  basic  direction  of  the  research  staff  in  projecting  future 
levels  of  the  Boston  economy  and,  as  such,  is  proper  material  for  critical 
review  by  the  City  idlanninp  Board  staff  and  outside  professionals  in  the 
area. 

The  other  purpose  of  the  report  is  to  provide  the  members  of  the  research 
staff  with  a  workin"  tool:  a  specific  model  showinr  in  detail  the  work  to 
be  carried  out  in  performing  the  projections  suprrested  herein. 

As  a  result,  the  two  objectives  ten-"  to  impinge  on  each  other.  For  review 
purposes,  the  report  is  perhaps  wantinr-  in  explanatory  text  involving  dis- 
cussion of  principals  and  reasoning   In  addition,  it  miTht  seem  over- 
burdened with  r.athematical  (or  arithmetical)  detail* 

As  a  workinr  tool  for  research  staff  use,  the  report  does  not  anticipate  a 
number  of  problems  which  are  svre  to  come  up  in  the  con.  se  of  developing 
the  analysis.   One  ce  tain  Dro'lem  will  be  that  of  data,  especially  with 
regard  to  data  for  regional  product  and  average  productivity,  where  some 
sort  of  estimating  techniques  may  have  to  be  developed.   Another  is  the 
boundary  determinations  of  regional  breakdowns  in  the  national  economy 
which  ttfill  make  most  sense  for  the  Boston  area. 

According ly>  the  report  primarily  serves  as  a  preliminary  statement  of  work 
program^  and  critical  comments  anu  suggestions  are  most  emphatic  allj)"  welcome. 
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1. 


DESCRIPTION  OF  METHODOLOGY  «'Qr(  IdCCX^  POTENTIAL  h'MD  REGIONAL  FiODUCT  PROJECTIONS 


1.  BASIC  REFERENCE  ijATERIAL 

The  basic  derivation  of  the  analysis  described  herein  is  found  in  the  following 
reference: 

Walter  Isard  and  Guy  Freutel,  "Regional  and  National  Product  Pro- 
jections and  Their  Interrelations,"  Lonr  Pan^;e  Economic  Projec- 
tion, Studies  in  Income  and  Wealth,  Vol.  16,  National  Bureau  of 
Economic  F:esearch,  Princeton  University  Press,  19?U# 

2.  FUNDAMENTAL  RELATIONSHIPS 

The  analysis  derived  on  the  followin™  panes  is  primarily  dependent  on  the  re- 
lationship that  the  average  value  of  product  for  each  worker  in  the  economy 
times  the  number  of  workers  gainfully  employed  yields  the  total  value  qf 
product  for  the  economy.   Thus,  the  basic  formulation  utilized  is  as  follows: 

GNP  =  T  •  L 

where  GNP  is  Gross  National  Product 

T   is  average  labor  productivity  per  worker 
L   is  the  number  of  workers  employed 

3.  changes  in  value  of  national  product 

From  the  above  f^rirulation,  it  can  be  seen  that  changes  in  national  product 
are  directly  dependent  on  changes  in  the  number  of  workers  employed  and  in 
average  productivity  per  worker,,   The  latter  factor,  of  course,  is  primarily  I 
tied  to  technological  innovation  and  change  leading  to  increased  efficiency.   * 
Also  involved  in  this  would  be  changes  in  the  value  of  the  dollar,  but  this 
effect  can  be  eliminated  by  adjusting  past  data  to  constant  dollar  values. 
Changes  in  employment  are  basically  involved  in  changes  in  population.  Such 
chanpes  affect  the  demand  for  products  and  influence  the  level  of  employment 
required  to  sustain  the  population. 

Thus  change  in  GNP  can  be  expressed  as  follows: 

GNP1  -  L0  (1  +  p)  .  (1  +  z)  TQ 

"/here  GNP,  L,  and  T  are  as  above  and: 

p  is  the  rate  of  growth  of  the  population 
z  is  the  rate  of  change  of  productivity,  and 
"0"  represents  the  initial  year  while  ''1"  represents  the 
projected  year. 

U.  REGIONAL  PRODUGT 

For  the  above  formulations,  which  represent  an  aggregate  of  the  national 
economy,  regional  breakdowns  can  be  introduced  utilizing  the  same  formulation. 


2. 

■  ates  of  change  indicated  above  can  relate  regional  variations  rather  than 
national  and  the  formulation  would  be  as  folloxjs: 

±WP1   -  iLo  (1  +  iP)  (1  ♦  iTo) 
inhere  j_GRP-^  is  the  Gross  Regional  Product  for  Regioil  "i"  in  the  year  1 
.LQ    is  the  Labor  Force  for  Region  "i"  in  the  year  0 
iTq    is  the  average  productivity  for  Region  "i"  in  the  3^ear  0 

-jP     is  the  rate  of  population  growth  for  Region  "i" 

j_z     is  the  rate  of  change  of  average  productivity  for  Region  "i" 

And  from  this,  the  sum  of  all  regional  products  would  make  up  the  total  na- 
tional product,  or: 

GN?  =  jGRP  +  2GR?  +  +  nGRP 

where  q_G"RP  is  the  Gross  Regional  Product  for  Region  1 

2GRP  is  the  Gross  Regional  Product  for  Region  2 

nGRP  is  the  Gross  Regional  Product  for  the  "n'th"  region  in  the 
economy. 

5.  PRODUCT  DERIVED  FRC  I  DIFFERING  MJTIFITmS 

Having  broken  down  Gross  .National  Product  into  regional  parts,  farther  sub- 
division of  the  economy  is  possible  by  breaking  down  each  region's  economy  into 
the  basic  activities  which  make  up  the  economic  community.   for  this  analysis 
a  subdivision  into  primary,  secondary  and  tertiary  activities  is  utilized.  This 
is  the  standard  economic  classification  where  primary  activities  refer  to  ex- 
tractive operations  (agriculture,  mining,  etc.);  secondary  activities  refer  to 
processing  operations  (primarily  manufacturing) $   and  tertiary  activities  refer 
to  service  operations  (transportation,  utilities,  communications,  banking, 
finance,  etc.). 

The  product  for  each , activity  category  can  also  be  formulated  in  the  same 
manner  as  the  total  regional  or  national  product  with  one  exception!  Rates  of 
change  of  employment  between  primary,  secondary  and  tertiary  activities  are  not 
necessarily  the  same.   In  fact  evidence  seems  to  indicate  that  as  an  economy 
matures  employment  shifts  from  primary  into  secondary  activities.   Further 


maturing  involves  a  greater  degree  of  specialization  and  employment  shifts 
again  into  tertiary  activities.   Thus  the  relative  rate  of  shift  into  or  out 
of  each  activity  category  must  be  accounted  for,  as  follows: 

i^l!  -  ilOo  (1  *  iP)<l  +  i^1  +  i=l)iTl0 


Cl. 


3. 


inhere:  iRP],  is  the  regional  product  of  primary  activities  in  region 

"i"  in  the  year  1, 
iLiQ  is  the  labor  force  emplo3''ed  in  primary  activities  in  region 

"i"  in  the  year  0. 
jP    is  the  rate  of  growth  of  the  population  of  region  "i" 

is  the  rate  of  shift  into  or  out  of  'orimarv  activities 
in  region  "i" 

iZ]_   is  the  rate  of  change  of  productivity  of  primary  activi- 
ties in  region  "i" 

j_T^_   is  the  average  productivity  per  worker  in  primary  activi- 
ties in  region  "i"  in  the  year  0. 


irl 


L0 


It  follows  from  this  that  the  gross  regional  product  is  the  sum  of  the  three 
basic  activity  products: 

.GHP   =   .HP   +  .Rp0  +  .HP 
l   1     i  ^   i  2,   l  5, 

where  iGRP^  is  the  Gross  Regional  Product  in  the  Year  1 

■jRP^  is  the  regional  product  in  primary  activities  in  the 

1  year  1 
jRP2  is  the  regional  product  in  secondary  activities  in  the 

1  year  1 
^RPt  is  the  regional  product  in  tertiary  activities  in  the 

1  year  1. 

6*  INCOME  POTENTIAL  AND  SPATIAL  INTERACTION 

Thus  far  the  formulations  assume  that  each  region  represents  a  closed  self- 
sufficient  economy  having  no  relationships  with  other  regions.   This  in 
reality,  however,  is  hardly  the  case.   Thus  the  concept  of  "income  potential" 
is  introduced  whereby  the  spatial  nature  of  relationships  between  regions  is 
taken  into  account. 

The  basic  concept  stems  from  the  so-called  "Laitf  of  Demographic  Gravitation" 
where  the  interaction  between  two  population  centers  is  directly  proportional 
to  the  product  of  the  two  populatibns  and  inversely  proportional  to  the  dis- 
tance between  them.   This  "law"  has  been  applied  to  income  and  money  flows 
in  determining  market  analysis  and  other  economic  examinations. 

The i force  of  interaction  in  demographic  gravitation  is  analogous  to  the  force 
of  interaction  between  two  masses  in  a  physical  system.   Similarly.^  the 
physical  concept  of  potential  energy  has  a  parallel  in  a  demographic  or  eco- 
nomic context,  namely  the  concept  of  potential  for  population  or  income  inter- 
action.  This  concept  measures  the  influence  of  people  or  dollars  at  a 
distance.   Thus  the  potential  of  income  produced  by  a  region  "j"  on  another 
region  "i"  is  given  by: 

G   .  Y 

iv3  =      i 

■  di. 


u. 

where  ^V^   is  the  potential  of  income  produced  by  region  "j"  on 
region  "i" 
Yj   is  the  income  of  region  !lj" 

dj_-;  is  the  economic  distance  between  region  "i"  and  "j" 
and  G    is  the  so-called  "gravitational"  constant 

In  an  economy  with  a  number  of  regions,  the  potential  of  income  produced  by 
all  of  those  regional  incomes  on  a  --riven  region  "i"  is  given  by: 
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'hen  for  any  rerion  V  is  low,  this  indicates  a  region  which  is  far  from 
markets  so  that  the  region  tends  to  enjoy  few  interregional  relationships 
because  of  high  transport  costs.   Conversely  when  V  is  high  one  would  expect 
a  region  close  to  markets  enjoying  considera"  le  interregional  transactions. 

To  reflect  differential  rates  of  change  of  income  between  regions,  the  income 
potential  for  one  year  is  compared  with  that  for  a  later  year.   The  relation- 
ship between  them  is  expressed  as  the  "relative  income  potential"  over  time 
between  a  region  and  all  other  regions  in  the  nconomy  and  is  represented  thus: 


*V 


iW" 


2 


ivi 


where  jVP   is  the  relative  income  potential  for  region  "i" 

-^2       i-s  ^e   income  potential  for  region  "i"  in  the  year  2 
•jV-i   is  the  income  potential  for  region  "i"  in  the  year  1 

If  all  regions  <?reT'  in  total  income  by  the  same  amount  this  expression  would 
then  equal  "1".   However,  since  this  in  effect  would  have  no  influence  on 
interregional  relations,  a  more  desirable  measure  would  be  one  equalling  zero 
for  this  situation.    Thus  "1"  is  subtracted  from  this  expression  to  indicate 
that  when  no  regional  variation  in  relative  income  potential  exists  between 
regions,  the  concept  has  no  effect  on  the  basic  product  determinations. 

Also  unaccounted  for  in  the  basic  determination  are  differences  in  natural  re- 
sources, capital  investment,  depreciation,  and  other  similar  factors  which 
make  up  the  total  product  accounts.   An  example  of  the  workings  of  such  fac- 
tors is  found  in  the  State  of  -'ashington  where,  by  virtue  or  resource  struc- 
ture, that  state  has  closar  relationships  with  the  Eastern  ^eaboard  than  its 
income  potential  alone  would  indicate.   Thus  in  effect  these  factors  modify 
the  distance  factor  in  interregional  relationships.   In  determining  total 
product,  these  factors  are  combined  into  one  coefficient  "E"  which  is  multi- 
plied by  the  relative  income  potential  to  determine  the  net  effect  of  distance 
between  regions. 


5. 

Thus,  while  total  product  in  a  projected  year  is  considered  a  function  of 
labor  force,  productivity  and  the  changes  inherent  in  these  variables,  it 
is  also  considered  a  function  of  the  effects  of  resources  and  distances  to 
markets  in  relation  to  previous  levels  of  productivity  and  the  basic  formula 
for  regional  product  becomes: 

iGEP-L  =  ±LQ     (1  +  .p)(l  +  iZ).T0  +  ±E  (.VP  -  1)±GSPQ 
Further  subdivided  according  to  classification  of  activity  the  formula  becomes: 

iGHJ   -L^  (L  +  iP)d  +  i^)(l  +  izi)iTl0  +  iLl  (iWl  '  1}  iHPl0 
+iL20  C1  +  iP)d  +  ir2)d  +  iZ2)  iT20  +  iE2  dViJ2  ~  DiR% 
+iL30  (1  +  iP}d  +  ir3)d  +  1^3)  iT30  +  iB3  <iVP3  -  1)iRP30 

7j  AN  ILLUSTRATIVE  IIODEL 

Ey  wsly  of  illustrating  the  operational  mechanics  of  this  formulation,  a  hypo- 
thetical three  region  nation  was  conceived  and  crojections  for  it  carried  out 
on  the  basis  of  assumed  initial  data.   Thus  the  example  indicates  the  method- 
ology and  calculations  necessary  to  carry  out  the  analysis  and  illustrates  the 
kind  of  results  obtained  for  planning  purposes. 

On  page  7  and  3  following  is  found  the  basic  data  which  was  utilized  in  con- 
structing the  hypothetical  model.  On  these  data  sheets  it  can  be  seen  that 
three  regions  were  set  up,  each  differing  markedly  in  basic  characteristics. 

Region  I  -  This  region  was  set  up  to  represent  what  might  be  comparable  to 
New  England  in  that  it  is  intended  to  be  a  mature,  well  developed  economy  with 
a  ratio  of  1:3:5  in  the  distribution  of  primary,  secondary  and  tertiary  acti- 
vities respectively  in  the  first  year.   Subsequently,  as  the  data-  indicates 
primary  activities  suffer  a  considerable  decline  in  employment  but  with  a  pro- 
portionate increase  in  productivity,   nanufacturing  activities  enjoyed  a 
moderate  increase  but,  as  is  characteristic  of  older  economies,  there  occurred 
a  slight  decrease  in  productivity  due  to  obsolescence  and  agglomeration  in- 
efficiencies.  Healthy  growth  in  tertiary  activities  is  indicated  with,  roughr 
ly  a  constant  productivity  and  a  rising  level  of  income, 

Region  II  -  As  hypothesized,  this  region  might  be  comparable  to  the  South- 
eastern part  of  the  United  States,   In  the  initial  year  it  is  largely  con- 
cerned with  primary  activities,  and  even  though  employment  declines  in  this 
area,  in  the  second  year  primary  employment  still  accounts  for  almost  a  third 
of  all  gainfully  employed  workers.   Productivity  in  primary  activities  is 
increasing  but  incomes  are  declining.   Secondary  activities  or  manufacturing 
in  this  region  enjoys  considerable  growth,  showin0,  the  greatest  employment 
pains  both  in  absolute  terms  and  in  relative  terms..   Productivity  shows  a 
healthy  increase  as  do  incomes.   As  the  region  is  evidently  rroing  through  an 
industrialization  period,  tertiary  activities,  though  important,  do  not  share 
"imilar  gains. 

Region  III  -  This  region  is  intended  to  be  the  "New  York"  region  for  the  pur- 
poses of  this  model  with  one  important  exception.   As  indicated  by  the  econo- 
mic distances,  between  regions,  Region  III  is  somewhat  more  removed  from  the 
other  two  regions  geographically.   However,  it  is  a  large  vigorous  urban 


6, 


complex;  relatively  self-sufficient  and  enjoying  considerable  growth  in  popu- 
lation and  interregional  economic  activity.   The  tertiary  sector  of  the 
economy  is  most  dynamic,  showing  considerable  increases  generated  in  terms  of 
employment,  value  of  product  and  income.   Growth  in  the  manufacturing  sector 
lags  only  slightly  behind  in  terms  of  growth  and  it  is  only  in  primary  activi- 
ties xtfhere  any  evidence  of  decline  appears.   It  is  the  population  center  of 
the  hypothetical  nation,  beinr  almost  twice  as  large  as  the  other  two  regions, 

8.  CALCULATIONS  FOR  PROJECTING  THE  HYPOTHETICAL  MODEL 

Calculation  I  (pages    10,  11,  12,  ljllpsome  Potentials 

These  four  pages  illustrate  the  calculations  necessary  for  determining  income 
potential.   These  calculations  are  carried  out  for  each  activity  in  each 
region*   It  should  be  noted  that  by  virtue  of  the  formulation  of  income  po- 
tential in  the  basic  equation  the  so-called  gravitational  constant  cancels 
out  and  accordingly  does  not  have  to  be  evaluated. 

Calculation  II  (pages  Ih   and  15)  "b"  Coefficients 

i 
Once  income  potential  is  determined  for  each  activity  in  each  region^  these 

results  can  be  combined  with  the  initial  data  for  purposes  of  calculating  the 
"B"  coefficients.   These  coefficients  serve  to  indicate  the  net  effects  of 
differences  in  resources  structure  between  regions  with  respect  to  each  par- 
ticular activity. 

Calculation  III  (page  16)  Gross  National  Product  Projections 

Once  income  potentials  and  "B"  coefficients  are  determined,  the  basic  equa- 
tions are  readv  for  use  for  projection  purposes.   Before  this,  however,  an 
independent  projection  of  gross  national  product  is  made  —  in  this  case  by  a 
simple  extrapolation  of  the  trend  established  by  year  1  and  year  2.   In 
applying  this  in  a  real  situation  the  projections  of  gross  national  product 
developed  by  the  TJ,  S.  Dept,  of  Commerce  would  be  used. 

An  independent  projection  is  made  primarily  as  a  check  on  the  assumptions  as 
to  how  certain  variables  will  act  within  each  regional  economy  in  utilizing 
the  regional  equations.   These  variables  include  rate  ■, of  population  growth, 
rate  of  shift  in  distribution  of  employment  among  the  ihree  basic  activities, 
rate  of  increase  in  productivity,  rate  of  change  in  income  potential,  and  rate 
of  change  (if  any)  in  the  "B"  coefficients. 

Thus  the  independent  projection  of  GNP  is  used  as  a  starting  point  and  the 
variables  in  the  regional  equations  can  be  manipulated  until  a  thoroughly  con- 
sistent distribution  of  the  national  economy  throughout  the  regions  is  deter- 
mined. 

Calculation  IV  (Pages  36,  17,  18)  PROJECTIONS  OF  REGIONAL  PRODUCT 

As  indicated  on  the  noted  pages,  after  all  data  and  values  of  the  basic  re- 
gional equations  are  determined  for  projecting  purposes,  a  series  of  trial 
solutions  is  computed  and  compared  with  the  independent  GNP  projection  of 
Calculation  III.   This  is  carried  on  as  indicated  until  a  reasonable  "fit" 
of  all  parts  of  the  economy  is  achieved. 
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Calculation  V  (Page  lb)  Labor  Force  Projections 

Once  a  fit  is  achieved,  those  variables  which  affect  labor  force  are  extracted 
from  the  total  equation  and  calculated  to  determine  the  projected  labor  force. 
These  variables  include:  L,  p,  and  r. 

Calculation  VI  (pages  19,  20,  21)  Income  Projections 

From  the  basic  values  of  income  potential,  future  income  levels  can  be  calcu- 
lated.  For  each  activity  a  set  of  simultaneous  equations  can  be  'set  up  and 
solved  for  future  income  in  each  activity  distributed  in  each  region, 

SmiiAPY  OF  PROJECTIONS  (page  22  (Fold  Out)  and  23) 

The  last  two  pa?es  compile  a  summary  and  a  brief  interpretation  of  projections 
with  consideration  of  methodology  in  relation  to  utilizing  this  technique  to 
project  future  levels  of  the  Boston  economy. 


ILLUSTRATIVE  EXAMPLE  FOE  HISTORICAL  ANALYSIS 

JYPOTBETICaL  basic  DaTA 

.SSUIiE  A  3-REGICN  NATIONAL  MODEL  WITH  DAT.,  FOE  WO  DIFFERENT  YEARS 


DATA  SHEET  #1 


SGION  I 


Year  1 


Employment 
Product  ( 
income  (>v 


Primary- 


Secondary   Tertiary   Total 


Year  2 


Employment 
Product  ( 
Income  ( 


1,000 

h  million 

2  million 


3,000 
15  million 
9  million 


"5,000      9,000 
28  million  hi   million 
25  million  36  million 


500 
k  million 
1  million 


i;,000 
18  million 
Ik  million 


8,000     12,500 
li2  million  6k  million 
37  million  52  million 


EGION  II    Year  1 


Employment 
Product  ( 
Inc  ome  (  ) 


5,000 
13  million 
8  million 


3,000 
13  million 
10  million 


L.,000     12,000 
21  million  b.7  million 
16  million  3h   million 


Year  2 


Employment 
Product  ( 
Inc  ome   ( 


1;,000 
16  million 
7  million 


5,000 
23  million 
18  million 


5,000 


lb.,  000 
21;  million  63  million 
20  million  h.5  million 


EGION  III   Year  1 


Employment 
Product  ( 
Income  ( 


2,000 

7  million 

5  million 


U,000 
2)x   million 
16  million 


6,000     12,000 
h8   million  79  million 
33  million  %h   million 


Year  2 


Employment 
Product  ( 
Income  ( 


2,000       8,000      15,000     25,000 

8  million   52  million  130  million  190  million 

h  million   36  million  90  million  130  million 


AT  ION 


Year  1 


Employment 
Product  ( 
Income  ( 


8,000  . 
2U  million 
15  million 


10,000 

52  million 

3S   million 


15,000     33,000 

97  million  17  3  million 

7h  million  12U  million 


Year  2 


Employment 
Product   ( 
Income     ( 


6,500  17,000  28,000  U5,ooo 

28  million       93  million  196  million  317  million 
12  million       68  million  aJj.7   million  227  million 


3GN0ZJIC  DISTANCES  BETWEEN  REGIONS 


REGION  I-RXI0N  2 
REGION  I-REGION  3 
REGION     2-REGION  3 


—  50 

—  150 

—  100 


USTRaTIVE  SAMPLE  FOR  HISTORICAL  ANALYSIS 
OLATION  DATA 


9. 

DATA  SHEET  ,;;2 


ION  I    —  Year  1 
Year  2 


ION  II   —  Year  1 
Year  2 


POPULATION 

30,000 
1.0,000 


RATS  of  change 


P  -  0.33 


bO, 000 

l.iQoo. 


ION  III  __  Year  1 
Year  2 


h  0,000 
80,000 


.P_2_Oi125. 
p  =  1.000 


ION 


—  Year  1 
Year  2 


110,000 
165,000 


p  =  0.500 


I  OF  SHIFT  OF  ACTIVITIES  BETiEEN  YEAR  1  AND  YEAR  2   (r) 

ION  I  —  Rate  of  shift  to  or  from  activities 

2_r-j_  =  -  0.07  (primary) 

2T2  -  -   0,01  (secondary) 

,r.  =  +  0.08  (tertiary) 

ION  II  —  Rate  of  shift  to  or  from  activities 

gr^  =  -  0.1)4.  (primary) 

2r2  =  +  0.11  (secondary) 

pr^  =  +  0.03  (tertiary) 

[ON  III- Rate  of  Shift  to  or  from  activities 

-.r.  =  -  0.10  (primary) 

•,rp  =  +  O.Oh  (secondary) 

,r,  =  +  0.06  (tertiary) 


ACTIVITY 
ON  I 

lary  Year     1  - 
Year     2  - 
ige  Rate      (z)  + 


U,000 

8,000 
1.00 


mdary  Yr     1         5,000 

Year     2         L.,500 

ige  Rate      (z)   -     0.10 


iary    Yr     1         5,600 

Year     2         5,250 

ige  Rate      (z)   -     0,06 


Primary  Year  1      '2,600 

Year  2       h,000 

Change  Kate   (z)   +  0.5U 

Secondary  Yr  1       Is, 330 

Year  2   U,600 

Change  Rate  (z)+  0.06 

Tertiary  Yr  1   5,250 

Year  2   U,800 

Change  Rate  (z)  -  0.09 


Primary  Year  1   3,500 

Year  2   )j.,000 

Change  Rate  (z)  +  O.IIl 

Secondary  Yr  1   6,000 

Year  2   6,500 

Change  Rate  (z)  +  0.08 

Tertiary  Yr  1   6,500 

Year  2   7,000 

Change  Rate  (z)  +  0.08 


10. 

ALCULATION  I 

NCC"1"  POTENTIAL" 
a sic  Formulation: 

jV  =   G  .  .J     I     dii   or  -J  =  GX_  +  G2_   +   G  •£' 

dl-l      d2-i       Vi 

here : 

•^V  is  the  income  potential  of  region  "1"  for  any  given  year 

GJis  the  '"gravitational"  Constant 

-jY,  2^»  an<^  3^  are  "the  incomes,  respectively,  for  regions  1,  2  and  3 

hcse  variables  can  be  further  refined  by  consideration  of  activity  and  time 

ihus:  -.V,   is  the  income  potential  for  region  l's  primary  activity  in  year  1 

,V-i   is  the  income  potential  for  region  l's  primary  activity  in  year  2 
x  x2 

-,V-   is  the  income  potential  for  region  l's  secondary  activity  in  year  1 
-iVo   is  the  income  potential  for  region  l's  secondary  activity  in  year  2 

X  <L2 

->Vt   is  the  income  potential  for  region  l's  tertiary  activity  in  year  1 

-,V3   is  the  income  potential  for  region  l's  tertiary  activity  in  year  2 
i  i2 

oV-i   is  the  income  potential  for  region  2's  primary  activity  in  year  1 


and  so  on  ,  ,  . 


ilso: 


■{£->        is  the  income  of  region  1  from  orimary  activity  in  year  1 

1  h 

oYo   is  the  income  of  region  2  from  tertiarv  activity  in  vear  2 
and  so  on  ,  ,  , 

•RELATIVE  INCOME  POTENTIAL"  refers  to  the  chanre  in  income  potential  between  regions 
)ver  time.   Thus  the  income  potential  for  year  2  divided  by  the  income  potential 
'or  year  1  will  provide  a  measure  of  this  change. 

■   J>2  thus  is  the  expression  for  this  change.   However,  if  all  regions  - 


to 

3  1 

han?ed  by  the   same  amount  over  time,   income  potential  would  have  no  effect  on  any 
■egion's  productivit3'-.        In  this  instance,   relative  income  potential  should  equal 
sero.       This  expression  should  then  have  one  subtracted  from  it,    and  the  final  ex- 
jression  for  relative  income  potential  becomes: 


2V32 


2\ 


-         1 


11. 


CALCULATION  I        (Continued) 

INCOi.E  POTENTIALS 

liEGION  I  -  PRIi-lA-Y  ACTIVITY 


fll 

G  x  2,000,000 
1 

H- 

G  x  8,000,000 

50 

+ 

G 

x  5,000,000 

i5o 

2,173,000  G 

1% 

1,000,000  G 
1 

+ 

7,000,000  G 
50 

+ 

U, 000, 000  G 

150 

1,667,000  G 

Pi 

=       0.77 

5EGI0N  I  -   SECONDARY  ACTIVITY 

LP, OOP, OOP  G  16,000,000  G 

9,307,000  G 

=     111, 600, 000  G 


?h 

=     9,00P,PPP  G 
1 

+ 

1p,ppp,ppp  g 
5p 

+ 

16,000,000  G 

150 

bo 

=  11,000.000  G 
1 

=  1.57 

+ 

18, POO, 000  G 

50 

+ 

36,00P,PPP  G 
150 

1 2i 

REGION 

I  -  TERTIARY  ACTIVITY 

=   25,000,000  G 
1 

+ 

16=000,000  G 
50 

+ 

33,000,000  G 

150 

v 

1  32 

=  37,000,000  G 
1 

+ 

20,000, OOP  G 

5o 

+ 

90,000,000  G 
150 

V 
|  J2 

=     1.U9 

V 

=    25,550,000  g 

=     38,000,000  G 


12. 


CALCULlTICLJ  1     (Continued) 
INCOME  POTENTIALS 

,  iuon  ii    -    pniriiUY  activity 


2V1X  = 

8,000,000  G 
1 

+ 

2,000,000  G 
1  50    ' 

+ 

5,000,000  G 
100 

= 

8,090,000  G 

2\     - 

7,000,000  G 
1 

+ 

1,000,000  G 
50 

+ 

U, 000, 000  G 
100 

_ 

7,060,000  G 

|:-2  =   0.87 


REGION  II  -  SECONDARY  ACTIVITY 


2% 

™~ 

10,000,000  G 
1 

9,000,000  G 
+     50 

16,000,000  G 
+       100 

2V22 

= 

18,000,000  G 
1 

lh, 000, 000  G 

'  50 

36,000,000  G 
100 

2V22 
2\ 

= 

1.80 

10,3^0,000  G 
18,6U0,000  G 


REGION  II  -  TERTIARY  ACTIVITY 


33,000,000  G 


F  A  ■ 

i 

+ 

5o 

+ 

100 

— 

16,830,000  G 

2%  - 

20,000,000  G 
1 

+ 

37,000,000  G 
50 

+ 

90,000,000  G 
100 

= 

21,61*0,000  G 

2\ 

1.29 

k 

13. 


SiLCULkTION  I     (Continued) 
fflCQHE  POTENTIALS 

iegion  in  -  pruiary  activity 


5,000,000  G 
1 

+ 

8,000,000  G 
100 

U, 000, 000  G 
1 

+ 

7,000,000  G 
100 

2,000,000  G 
+       150        =    5,093,000  G 

1,000,000  G 
+       530        =    h, 077, 000  G 


*h. 


0.80 


REGION  III  -  SECONDARY  ACTIVITY 

,V?   =  16,000,000  G        10,000,000  G        9,000,000  G 

1  1        +100  +       150        =   16,160,000  G 

V       36,000,000  G       18,000,000  G       lU, OOP, OOP  G 

i   i2      '  1        +       100  +       150        =   36, 111, OOP  G 

K 

REGION  III  -  TERTIARY  ACTIVITY 

33,000,000  G       16,000,000  G        25,000,000  G 

V3   "        1        +       100  +       155        =   33,326,000  G 

00,000,000  G        20,000,000  G        37,000,000  G 

3V3   =       1        +      100  +      150       =   90,b£0,000  G 


V. 

2.72 


3  32  . 


3h 


flLCTTLATION  II 
up  11  COEFFICIENTS 

ILLUSTRATION  07  FORilULATlOM 

W&]_       *  Region  I  regional  product  in  primary  activities  in  year  2 

]L-j_    =  Region  I  labor  force  in  primary  activities  in  year  1 

■j_p     =  Rate  of  Population  Growth  of  Region  I 
r..    =  Region  I  rate  of  shift  into  or  out  of  primary  activities 

jZ     =  Region  I  rate  of  change  of  Productivity  in  primary  activities 

]T     =  Region  I  Average  Productivity  in  primary  activities  in  year  1 
11 

1V1? 
VP    -  c     =     Region  I  relative  Income  Potential  in  primary  activities 


Xll 


J-  1 
-jBj   =  "B"  Coefficient  for  primary  activities  in  Region  I 

iRPi2  =  i\  (i  +  ip)Ci  +  1*1)  (1  *  1*1)1^  +  i-iCxvp!  -  DiEPll 

REGION  I  -  "Ei"  for  Primary  Activities 

U, 000,000  =  1000  (1  +  0.33) (1  -  0.07) (1  +  1.00) (U000)  +  3  (0.77  -  l)h,CC0,000 
IjB-i     -  6. 1 1.O8 

REGION  I  -  "B"  for  Secondary  Activities 

18,000,000  =  3000(1  +  0.33) (1  -  0,01) (1  -  0.10) (5000)  +  XE2  (1.57  -  1)15,000,000 
^g  =  0.026 

REGION  I  -  "8"  for  Tertiary  Activities 

1*2,000,000  =  5000(1  +  0.33) (1  +  0.08) (1  -  0.06) (5600)  +  -^3  (1.U9  -  1)28,000,000 

^3  =  0.306 

SUMMARY:  ]Bi  =6.^08 
2_B2  =  0.026 
XE3     =  0.306 


15. 

iGULATIOW  II 
|  COTSFFIG ISNTS 

3GION  II  -  "B"  for  Primary  Activities 

i,000,000  =  5000   (1  +  0.125) (1  -  0.110(1  +  0.5U)(2600)  +  2B1(0.87  -  1)13,000,000 
I  =  1,99k 

5GI0N  II  -  "3"  for  Secondary  Activities 

5,000,000  =  3000  (1  +  0.125) (1  +  0.11) (1  +  0.06)'. 330  +  2?  2(1.30  -  1)13,000,000 
I  *  0.558 

EGION  II  -  "B"  for  Tertiary  Activities 

1,000,000  =  U000  (1  +  0.125) (1  +  0.03) (1  -  0.90)3500  +  2B3  (1.29  -  1)21,000,000 

)j   =  1.517 


2GI0N  III  -  "B"  for  Primary'-  Activities 

,000,000  =  2,000(1  +  1.00) (1  -  0.10) (1  +  0. lit) 3500  +  33x     (0.80  -  1)  7,000,000 

^  =  U.5U6 

3condary_Activities 

?, 000,000  =  8000(1  +  1.00) (1  +  0.0U)(1  +  0.03)6000  +  332     (?.2l|  -  1)2^,000,000 

L  -  -  0.C6U 


fertiary  Activities 


130,000,000  =  6000   (1  +  1.00) (1  +  0.06) (1  +  0.08)6500  +  3B3  (2.72  -  1)U8,000,000 
I  =  0.1..93 

[f'E'iARY  OF   "B"  COEFFICIENTS 

I  =    6.1.08                                 2B1    =    1.99b.  3^    -    U.5U6 

32  -    0.026                                  2B2     ■    0.558  3B2     «  -    0.06b 

33  =     0.306                                       2B3     -     1.517  3B3     =     O.J..93 


16. 


pCTIL-vTION  III  -  PROJECTION  OF  GROc  NATIONAL  PRODUCT 


iross  Naticnal  Product  can  be  projected  a  number   of  wsp-s,  and  in  ths  national 
Sonomy,  such  projections  are  already-  available  from  the  U.  S.  Department  of 
commerce. 


■or  this  illustrative  example,  GNP  for  projected  year  "X"  is  simply  an  extra- 
)olated  percentage  rate  of  increase: 

?hus:  GNP  in  year  1  =   173  million 
GNP  in  year  2  =   317  million 

nd:  GNP  projected  to  year  "X"  =   580  million 

ALCULATION  IV  -  PROJECTION  OF  REGIONAL  PRODUCT 


:egional  Products  are  calculated  on  the  basis  of  a  series  of  trial  solutions, 
'he  first  solution  assumes  all  rates  of  change  in  the  basic  formulation  remain 
onstant  and  regional  products  are  calculated  and  summecU   If  the  final  summa- 
tion does  not  equal  the  projected  gross  national  product,  additional  regional 
iroduct  solutions  are  calculated  after  relaxing  one  or  more  of  the  original 
issumptions.    How  these  assumptions  are  changed  can  be  determined  by  eoin? 
)ack  over  the  historical  data  and  noting  how  rates  of  change  have  varied  in  the 
>ast.    In  the  illustration  below,  with  all  rates  of  change  assumed  constant, 
>he  sum  of  the  proiected  regional  products  came  out  13^  too  high  in  comparison 
rith  the  extrapolated  GNP.    Relaxing  one  assumption  —  that  of  population 
rrowth  in  Region  III  —  brought  the  sum  of  the  individual  regional  product 
irojections  to  582  million  or  within  J/j  of  the  original  GNP  proiection  of  530 
lillion.    Thus  if  this  solution  is  accepted,  population  growth  in  Region  III 
.s  seen  to  be  only  60%  between  year  2  and  ^ear  "X"  rather  than  the  100:'  between 
"ear  1  and  year  2.    (The  absolute  increase  in  population  turns  out  to  be  vir- 
tually the  same  for  both  periods,  however).    For  the  purposes  of  this  illus- 
;ration,  this  was  accepted  as  sufficient  adjustment  of  change  rates  to  provide 
t  satisfactory  solution.    Thus  with  the  one  exception  of  population  growth 
.n  Region  III,  all  interregional  relationships  in  "the  projection  remained  the 
same.    In  dealing  with  the  Boston  economy  in  the  United  States,  considerably 
lore  examination  of  historical  rates  of  change  of  productivity,  income  potential, 
lihifts  in  labor  force  distribution,  etc.  will  be  required,  but  the  illustration 
ierves  to  point  up  the  operations  required. 


17. 


aLGTJUTICN  Iv  (Continued) 
ROJECTION  Of  REGIONAL  PRODUCT 
IRST  TRIAL  SOLUTION 


ssuiiipx.ions: 

or  All 
■egions 


SGION  I 


1.  Assume  constant  rate  of  population  frroi-Tth  (p) 

2.  .-.ssume  constant  rate  of  change  in  labor  force  distribution  (r) 

3.  Assume  constant  rate  of  change  in  productivity  (z) 
li.  Assume  constant  relative  income  potential  vp/V, 

5.  Assume  constant  "3"  Coefficients 


fe,  =  500(1  +  0.33) (1  -  0.07) (1  +  1.00)8000  +  6J.08  (0.77 
+  !  1.000(1  +  0.33)  (1  -  0.01)  (1  -  0.10)^00  ■>  0.026  (1.57 
+  8000(1  +  0.33) (1  +  0.08) (1  -  0.06)5250  +  0.306  (l.L-9 


1)1.1,000,000 

1)18,000,000 

1)12,000,000 


-RPx 


88,579,220 


3GI0N  II 


GRP. 


Uoood  +  0.125)  (i  -  o.ik)  (l  +  o.5WUooo  +  1.99U  (0.87  -  1)16,000,000 

1)23,000,000 

l)2U,000,000 


+  5000(1  +  0.125) (1  +  0.11) (1  +  0.06)U600  +  0.558  (l.GO 
+  5000(1  +  0.125) (1  +  0.03) (1  -  0.90)U800  +  1.517   (1.29 


GRP     = 

X 


96,268,825 


.KGION  III 

GRP     =  2000(1  +  1.00) (1  -  0.10) (1  +  O.llOhOOO  +  h.5U6   (0.80  -  1)8,000,000 

'  +  8000(1  +  1.00)  (1  +  0.0U)(1  +  0.08)6500  +  (-0.0610(2.2).   -  1)   52,000,000 

+  1500C(1+  1.00)  (1  +  0.06)  (1  +  0.08)7000  +  (0.h93)(2.72  -  l)  130,000,000 

GRP     =     "Li.72,L.71,280 
x  '       ' 

ROSS  NATIONAL  PRODUCT 


MP. 


x 


-  ,GRP  +  „GRP  +  „GRP  =  38,579,220  +  96,268,825  +  U72,U71,280 
1   x   2   x   3   x     *   ' 


NP   =  657,319,325  (I3>c  higher  than  initial  GNP  Projection  of  '530,000,000) 


18. 
tCULATICN  IV  -   (Continued) 

Ejection  of  regional  product 

]COND  TRIAL  SOLUTION 


^sumptions:  1.  Assume  constant  rate  of  population  growth  (p)  for  Regions  I  &.   II 

2.  Assume  rate  of  population  growth  declines  in  Region  III  from 
1.0  to  0.6 

3.  Assume  constant  rate  of  change  in  labor  force  Distribution  (r) 
in  all  regions 

h.  Assume  constant  rate  of  change  in  productivity  (z)  for  all 
regions 

5.  Assume  constant  relative  income  potential  for  all  regions 

6.  Assume  constant  "B"  Coefficients 

:GI0i\T  I  -  MO  CHANGE 
}RPX  =   88,579,220 

ifilON  II  -  NO  CHANGE 
}RPx  =   96,268,820 

iGION  III 

}RPX  =     2000(1  +  0.60) (1  -  0.10) (1  +  0.1h)k000  +  U.5U6     (0.30  -  1)   3,000,000 

+     8000(1  +  0.60) (1  +  0.0U)(1  +  0.08)6500  +   (-0.061;) (2. 2k-  1)52,000,000 
+  15000(1  +  0.60)  (1  +  0.06)  (1  +  0.08)7000  +   (O.J.1.93)    (2.72  -  1)130,000,000 

3RPX  *     397,7h3,hOO 

fflPx  =  '582,591,hit5   (!;■  higher  than  initial  GUP  projection  of     580,000,000) 

iLCTTMTION  V 

P30R  FOKCE  PROJECTIONS 

^GION  I  REGION  II  REGION  III 

Irimary  =  500(1.33)  (0.93)  Primary  =  !'000(l. 125)  (0.86)  Primary  =  2000(1,6)  (0.90) 
econd.  =  UOOO(l.33)(0.99)  Secondary  =  5000(1.125) (l. 11)  Second.  =  8000(1.6) (1. Oh) 
ert.         =     8000(1.33) (1.08)     Tert.  =  5000(1.125) (1.03)  Tert.       -=  15000(1.6) (1. 06) 

'rimary     =       6l8  Primary       =  3,870  Primary  =     2,380 

econdary=  5,267  Secondary  =  6,2Lh  Second.   =  13,312 

iertiary  =ll,ii91  Tertiary     =  5,79U  Tertiary  =  25,UU0 


IoTaL  =       17,376  TOTAL  =         15,908  TOTAL  =       hi, 632 

otal  National  labor  force  =  7U,9i6 


19. 


|LCULaIION  VI 

JCOME  PROJECTIONS 

:>R£lAiY  ACTIVITIES 


X 

=     0.77 

lYlxG 

2Y1XG 

+ 

V       1 

1 

'      50 

i$o 

l\ 

=     0.87 

2YlxG 

2Y1  G 
+  i  lx 

+ 

3YlxG 

1 

50 

100 

K 

2% 

3YlxG 

2V 

lYlxG 

xx 

=    0.80 

100 

+ 

1 

1*0 

(1) 


(2) 


(3) 


.Y-,       +  (0.02) ?Y.     +  (0.007)  J-       =  0.77  (1,667,000)       (l) 
L  xx  £   xx  3  lx 

;°,02)1Y1X  +      2Y1X    +  (0.01)  3I1      =  0.87  (7,060,000)       (2) 
(0,007).Y,   +  (0.01)?Yt_   +         3YX      -  0.80  (U,077,000)        (3) 

Solving  these  simultaneous  equations  yilds: 

?0R  YEAR   "X"*- 

■1GI0N  I         -     Primary  Income     *       l,lhO,750 

ffiGION  II       -     Primary  Income     =       6,095, 265 

3EGICN  III     -     Primary  Income     =      '3,192,065 


IlLCULhTION  VI  (continued) 
INCCilE  PROJECTIONS 
ECONMIfY  ACTIVITIES 


20. 


iVr 


V, 


2V2. 


2V2, 


1.57 


1.80 


1Y2G 

2Y2  G 
+           x 

+ 

3Y2XG 

1 

SO 

1% 

2Y2  G 

X 

+ 

+ 

3I2XG 

1 

50 

100 

2^2o 

(1) 


(2) 


3V2X 

=       2 

3V22 

,2U 

3Y2XG 

1 

+ 
3 

pYp  G 

X 

100 

v? 

^2 

LY2  G 
L  cx 

150 

(3) 

lY2x 

+ 

(0.02)?T2 

+ 

(0.007)3Y2x 

= 

1.57 

(1U, 600, 000) 

(1) 

(0.02)^2 

+ 

2?2X 

+ 

(0.01) 3?3x 

« 

1.80 

(l8,6UO,000) 

(2) 

(0.007)1Y2x 

+ 

(0.01) 2Y2 

+ 

3Y3X 

= 

2.2k 

(36,111,000) 

(3) 

Solving  these  simultaneous  equations  yields*. 
FOR  YEAR  "X" 

REGION  I    -  Secondary  Income  -  21,712,833 

REGION  TZ       -  Secondary  Income  =  '32,313,607 

REGION  III  -  So*,  "ary  Income  =  . 80,Ul3,587 


21. 


laLCULA" 

'ION 

VI  (continued) 

INCOi'iE  : 

JROJ 

ACTIONS 

ITERTIAIY  ACTIVITIES 

1V3 
-^x 

1^32 

= 

1.U9      = 

1 

2Y3XG 

+ 

3y3xG 

50 

1^0 

lv32 

2V3 
11  Jx 

= 

1.29       = 

2?3xG 

1 

1^3XG 
50 

+ 

3Y3xG 
100 

2*32 

3V3x 
7^ 

= 

2.72       = 

3Y3xG 

2Y3xG 

+ 

+ 

lY3xG 

1 

100 

150 

3*32 

(1) 


(2) 


(3) 


^3   +   (0.02)2Y3x   +   (0.007)3Y3x   =  l.h9   (38,000,000)   (l) 

(  i.02)1X3x  +        2?3X   +    (0*02)3Y3x   =   1.29  (21,61,0,000)   (2) 

(0.007)xY3   +   (0.01)2I3    +        3Y3x   =   2.72  (90,h50,000)   (3) 
x  x 

Solving  these  simultaneous  equations  yields: 

FOR  YZiUi.  "X"  :  REGION  I  -  Tertiary  Income  =  $h,klk,737 
REGION  II  -  Tertiary  Income  =  ,.  2)4,381, 178 
REGION  in-  Tertiary  Income  =  .21*5,399,285 

SUMMARY  -  INGOiiE  PROJECTIONS  FOR  YEAR  "X" 

REGION  I  REGION  II  REGION  III 

Primary  Income  =  ':;l,lli0,750  Primary  Income  =  6,095,265  Primary  Income  =  3,192,065 
Secondary       21,712,833  Secondary       32,313,607  Secondary       80,hl3,587 

Tertiary 5U,UlU,737  Tertiary 2h, 381,178  Tertiary 2115,399,285 

TOTAL  77,268,320  TOTAL  :62,790,050  TOTAL  '329,0Oh,937 

TOTAL  NATIONAL  INCOME  —  "!i69, 063,307 


tGHCTIONS 
]GICN  I 


22. 


Projected  Year 
Year  1      Year  2  "X" 


EMPLOYMENT 

Primary  Employment  1,000  500  620 

Secondary  Employment  3,000  1.1,000  5,270 

Tertiary  Employment  5,000  8,000  ll,h90 

TOTAL  EMPLOYMENT  9,000  12,500  17,380 


GROSS  REGIONAL  PRODUCT 

Primary  Product  h, 000, 000  k, 000, 000  3,999,850 

Secondary  Prouct  15,000,000  18,000,000  21,597,300 

Tertiary  Product  28,000,000  Lt2, 000,000  62,982,080 

TOTAL  GROSS  REG.  ^7,000,000  o61;,000,000  88,579,230 
PRODUCT *   ' 

INCOME 

Primary  Income  ";)  2,000,000  1,000,000  l,lliO,750 

Secondary  Income  9,000,000  lLi,000,000  21,712,830 

Tertiary  Income  25,000,000  37,000,000  5U,Ulii,7UO 

TOTAL  INCOME  ";36, 000,000  '-52,000,000  "77,268,320 

.  POPULATION  30,000  Li.0,000  53,300 

%  CF  POPULATION  IN  LABOR  FORCE       33%  3tf>  31$ 


.   IMCO1  E  PER  EMPLOYEE 

Primary  Inc./Emp. 

"2,000 

$2,000 

4S>1,850 

Secondary  Inc./Emp. 

3,000 

3,500 

Li,  120 

Tertiary  Inc./Emp. 

5,000 

h,630 

h,7LiO 

AVERAGE  INCOME  'ill,  000  '.'»Lul60  '  k,kkO 

PER  EMPLOYEE 

I  PER  CAPITA  INCOME  1,200  ,1,300  1,U50 


,.   PRODUCTIVITY 

Primary  Product ivity/Emp .  |)U, 000 
Second.  Productivity /Emp.  5,000 
Tertiary  Productivity/jnp.  5,600 


,8,000 

:.6,i*5o 

it,  5oo 

U,ioo 

5,25o 

5,U8o 

AVERAGE  PRODUCTIV- 
ITY PER  EMPLOYEE     '5,230  .5,120  5,no 


23. 


'ROJECTIONS 
(BGIQN  II 


Projected 
Year  1       lear  2        Year  "X" 


EMPLOYMENT 

Primary  Employment  5,000  l+,000  3,870 

Secondary  Employment  3,000  5,000  6,2ltO 

Tertiary  Employment  li,000  5,000  5,790 

TOTAL  EMPLOYMENT  12,000  1U,000  15,900 


GROSS  REGIONAL  PRODUCT 

Primary  Product        '"0.3,000,000   ^16,000,000  ■"'.19,691,680 

Secondary  Product        13,000,000    23,000,000  U0, 711, 725 

^§£tiarv,_Product 21.000^000 2^000^00 ..35*865.1120. 

GROSS  REG.  PRODUCT    'h7, 000,000   '.63,000,000  "96,268,825 


8,  INCOME 

Primary  Income  8,000,000  "7,000,000  '6,095,265 

Secondary  Income  10,000,000  18,000,000  32,313,607 

Tertiary  Income  16,000,000  20,000,000  2k, 381, 178 


TOTAL  INCOME         : '31,000,000 

.il5,000,000 

:62,790,050 

k,   POPULATION                 1*0,000 

h5,ooo 

50,600 

E  %   OF  POPULATION  IN  LABOR  FORCE     33% 

32fo 

32% 

6.  INCOME  PER  EMPLOYEE 
Primary  Inc./Emp.  ,A,600       <1,750         '1,575 
Secondary  Inc./Emp.  3,330        3,600         5,180 
Tertiary  Inc./Emp.  U,000        u,000          It, 210 

AV.  INCOi'iE  PER  EMPLOYEE  ^2,8hO        3,210          3,9UO 

7.  PER  CAPITA  INCOME  850       "1,000          'l,2h0 

8.  PRODUCTIVITY 
Primary  Productivity/Emp.  '-2,600 
Secondary  Productivity/Emp.  h,330 
Tertiary  Productivity/Emp.  5,250 

AVERAGE  PRODUCTIVITY  '3,920        'U,500          "6,050 

PER  EMPLOYEE 


U,ooo 

"5,100 

h,600 

6,5io 

U,800 

6,200 

PROJECTIONS 
EEGION  III 

Year  1 

Year  2 

2b. 

Projected 
Year  "X" 

L  EMPLOYMENT 

Primary  Employment 
Secondary  Employment 
Tertiary  Employment 

2,000 
U,000 
6,000 

2,000 
8,000 

15,000 

2,880 
13,312 
25,WtO 

TOTAL  EMPLOYMENT 

12,000 

25,000 

Ul,632 

>.  GROSS  REGIONAL  PRODUCT 
Primary  Product 
Secondary  Product 
Tertiary  Product 

%   7,000,000 
2U, 000, 000 
U8, 000,000 

J  8,000,000 
52,000,000 

130,000,000 

:»  5,858,680 

89,323,520 

302,561,200 

GROSS  REGIONAL  PRODUCT 

79,000,000 

:, 190,000,  000 

J;-397,7U3,U00 

3.  T'COME 

Primary  Income 
Secondary  Income 
Tertiary  Income 

ft  5,000,000 

16,000,000 

33ioooiooo 

■;  U,  000, 000 
36,000,000 
^000,000 

"i  3,192,065 

80,U13,587 

21^399,285 

TOTAL  INCOME 

"5U, ooo,oco 

'130,000,000 

'329,00^,937 

l,   POPULATION 

ItO,  000 

80,000 

128,000 

B.  %   OF  POPULATION  IN  LABOR  FORCE       33$ 

31$ 

33,^ 

Id.  INCOME  PER  EMPLOYEE 

Primary  Income /Employee 
Secondary  Income /Employee 
Tertiary  Income/Employee 

^2,500 
U',000 

5,500 

'•2,000 

h,5oo 

6,000 

"1,100 
6,020 
9,630 

AVER.  INCOME  PER  EMPLOYEE 

'h,500 

)5,200 

$7,890 

7.  PER  CAPITA  INCOME 

0l,35o 

,'1,630 

^2,570 

R.  p-RnnTTfiTTVTrv 

Primary  Productivity/Employee  >3,500 
Secondary  Productivity/Employee  6,000 
Tertiary  Productivity/Employee    8,000 


4*,ooo 

■i2,0li0 

6,500 

6,700 

8,670 

11,900 

AVERAGE  PRODUCTIVITY         '6,600        .7,600  9,5U0 

PER  EMPLOYEE 


2?. 


projections 
National 


Year  1 


lear  2 


Projected 
Year  "X" 


1.  NATIONAL  EMPLOYMENT 

Primary  Employment  8,000 

Secondary  Employment  10,000 

Tertiary_Emglovment_  15^000 

TOTAL  NATIONAL  EMPLOYMENT  33,000 


6,5oo 

17,000 
282000 


7,370 
2b, 822 
b2,720 


51,500 


7b, 912 


2.  GROSS  NATIONAL  PRODUCT 

Primary  Product  "2b, 000, 000 

Secondary  Product  52,000,000 

Tertiary  Product  97,000^000 


"28,000,000 

93,000,000 

_196,0002000_ 

317,000,000 


"'29,550,210 
151,632, 5b5 
b01,b08i700_ 

•■582,59i,b55 


GROSS  NATIONAL  PRODUCT   -173,000,000 


3.  INCOME 

Primary  Income 
Secondary  Income 
Tertiary  Income 


15,000,000 
35,000,000 
7b,  000, 000 


'  12,000,000 

68,000,000 

lb7,000,000 


>  10,b28,080 
13b,bbO,027 
32b, 195, 200 


TOTAL  NATIONAL  INCOriE    12b, 000, 000 

227 

,000,000 

;b69,063,307 

b,  NATIONAL  POPULATION            110,000 

165,000 

231,900 

5.  %   OF  NATIONAL  POPULATION  IN         30% 
•LABOR  FORCE 

31% 

32Ji 

6,  INCCijE  PER  EilPLOYEE 

Primary  Income  per  Employee  1,880 

Secondary  Income  per  Employee  3,500 

Tertiary  Income  per  Employee  b,9b0 


1,850 
b,000 
5,250 


.1,120 
5,b30 
7,590 


NATIONAL  AVERAGE  INCOME 
PER  EMPLOYEE 

3,760 

b,bl0 

'6,270 

7.  NATIONAL  PER  CAPITA  INCOME 

"1,130 

1,380 

2,020 

8.  PRODUCTIVITY 

Primary  Productivity/Emp. 

Secondary  Productivity/Emp. 
Tertiary/  Productivity/Emp. 

^3,000 
5,200 
6,b70 

"b,310 
5,b70 
7,000 

%000 
6,100 
9,b30 

NATIONAL  PRODUCTIVITY 
PER  EMPLOYEE 

'5,250 

;"6,i5o 

"7,780 

26. 
DVI&J  OF  PROJECTIONS 


'GIC^   I  -  Projections  in  Region  I  followed  the  previous  trends  established  by  the 


ypothetical  data  for  the  most  part.  Tertiary  activities  are  forecast  to  achieve  the 
reatest  gains  and,  again,  secondary  activities  are  expected  to  show  moderate  in- 
reases  with  primary  activities  leveling  off.   One  significant  difference  shows  up 
n  res)  ect  to  primary  activities,  hoxrever,  Apparently  the  considerable  decline 
etween  year  1  and  year  2  can  be  expected  to  be  checked  in  terms  of  employment  and 
ncome,  although  total  product  will  remain  about  the  same.   Relative  to  the  nation- 
1  economy,  this  Region  continues  to  decline  in  terms  of  percentage  of  the  national 
abor  force,  per  capita  income  and  population.   Where  the  region  was  on  equal  terms 
ith  Region  II  in  terms  of  Gross  negional  Product  in  years  1  and  2,  the  projection 
ndicates  the  region  will  fall  behind  in  this  regard. 

EC- ION  II  -  Tihile  this  region  at  the  outset  was  principally  an  agricultural  econ- 
my,  the  projections  indicate  that  it  will  blossom  out  as  a  major  manufacturing  re- 
ion  by  the  year  "X".  A  sharp  rise  in  productivity  is  indicated  for  all  activities, 
Kit  the  rise  in  secondary  activities  is  most  pronounced,  T-Jhile  the  region  has  not 
aught  up  to .Region  I  in  terms  of  employment  or  income,  the  projections  indicate 
hat  it  will  actually  surpass  Rep-ion  I  in  terms  of  regional  product.  (This  might  be 
■  somewhat  analogous  to  the  relationship  of  the  South  and  New  Ens-land  where  the  shift 
.n  textiles  to  a  low  labor  cost  area  results  in  preater  productivity/). 

EGION  III  -  The  projections  indicate  that  this  repion  xd.ll  be  mushrooming  by  the 
rear  "X" ,  All  phases  of  its  economic  activity  is  growinr  faster  than  the  nation  as 
i  whole  and  faster  than  either  of  the  other  two  regions.  Even  though  it  x^ras  assrimed 

hat  population  growth  world  slow  dox-m  (in  relative  terms),  this  rep-ion  appears  to 
De  burgeonin  with  economic  well-being.   In  greater  detail,  however,  the  really 
dynamic  part  of  the  economy  is  the  tertiary  sector,  and  the  only  declining  sector 
is  in  primary  activities.   In  point  of  fact,  the  decline  of  primary  activities  is 
lost  pronounced  in  this  Region  with  employment,  total  product  and  income  all  falling, 
•/ith  respect  to  the  national  averages,  this  region  is  growing  at  a  faster  rate.  In 
Ithe  year  1  the  Region  shared  in  36^  of  the  nation's  labor  force*  In  the  projected 
/ear  "X"  this  share  is  expected  to  rise  to  $f&.  per  capita  income  is  rising  at  a 
faster  rate  than  the  nation  and  the  population  gains  are  also  greater1  * 

.APPLICATION  TO  AN  ANALYSIS  OF  THE  BOSTON  REGION 

Basically,  the  Table  on  page  22  indicates  the  kind  of  answers  which  this  analysis 
will  provide  for  planning  purposes.   while  detail  refinement  in  terms  of  activity 
categories  will  not  be  determined,  a  broad  overall  picture  of  the  size  and  distribu- 
tion of  the  labor  force  will  be  indicated  as  well  as  the  income  xrtiich  can  be  ex- 
pected to  be  generated  in  the  future,  These  results  can  be  compared  with  indepen- 
dent projections  of  population,  family  composition,  labor  force,  etc,  and  the  results 
xdll  provide  a  fairly  rational  forecast  of  the  size  and  character  of  the  economy  in 
any  one  region.   In  terms  of  a  specific  region,  of  course,  these  forecasts  provide 
for  planning  purposes  basic  data  which  can  be  utilized  in  further  determination^ of 
blanking  for  resource  requirements,  land  use  allocations,  and  needed  pxxblic  faci- 
lities, 

as  has  been  noted,  detailed  analysis  of  historical  trends  in  the  following  variables 
bill  be  involved  as  well  as  the  calculations  indicated  here:  p,  r,  z,  VP,  and  3. 
In  addition,  some  account  should  be  oaken  of  varyin'  rates  of  labor  force  participa- 
tion and  cyclical  occurrences  when  the  labor  force  is  not  vWliaed  to  full,  opacity. 
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